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第 1 章 Introduction
論文内容の要旨
With the rapid development of communication technologies, the wireless networks nowadays 訂'e inα白血gly
becoming irreplaceable commmlﾍcation techniques for the next generation networks. Due to its distinctive 島atures of 
robustness, selfこorganization， quick deployment and reconfiguration, mobile ad hoc network c1'仏NET) app伺rs
at住active for lots of appliωtion scenarios, such as disaster relief, emergency re叩onse， daily information exchange, 
military troop communication, pedestrian network and vehicular ad h∞ network， etc. 
However, there is stil a long way to go before MANETs could be widely commercialized and implemented. 百le
very roadblock 血剖 hasbeen stunting the application of MANETs is the lack of a general network information theory, 
which is expected to establish a 也orough unders凶lding ∞由e fundamen阻lpぽformances in such networks, like the 
throughput capacity, delivl町y dela弘 end-tかend delay, etc. 百leavailable works on 由is line mainly focus on deriving 
order sense results, which 訂ehelpful for us to explore the gen町al scaling la ws of 由roughputα.pacityand delay but 
tel us litle about the exact throughput and delay performan侃:s there. Towards such a 旬rget， we develop theoretical 
合ameworksto analytically study the MANET throughput and delay performances in 血is 血esis. Specificall弘 wefocus 
on an impo此antclass ofMANETs---'血etwo-hop relay MANETs, i.e., the MANETs adopting the popular and e伍cient
twかhoprelay algorithms for packet routing. 
第 2 章 Two-HopRelay Mobile Ad Hoc Networks 
h 血is chapter, we define the system models adopted in the throughput 組ddelay performance analysis of tw凶op
relay mobile ad hoc networks, which inc1udes the cell-partitioned network model, the i..d. mobility model, the 
prot∞01 interference model and the permu抱tion 回伍cmodel. Aftぽ defining 血e system models, we also discuss the 
motivations behind the adopted system models and their possible applications to other network scenarios. 
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To schedule as many simultaneous transmissions as possible, we define the conc田Tent-set for cell-partitioned 
network, i.e. , a subset ofnetwork cels where any two ofthem have a vertical and horizontal dis旬nceof some multiple 
ofαcells and al of them could conduct transmission simultaneously. Ba田d on 由e definition of concurrent-set, we 
then in住oduce 血e conc凶Tent-set based transmission scheduling, and propose a scheme to select transmitting node 
from cells of an active concurrent-set. After de白ling 也e 仕組smission scheduling scheme, we give an overall 
introduction ofthe basic operations in two-hop relay routing protocol and its various variants. 
第 3 章 Exact Througl司)utCapacity under Power Control in MANETs 
A lot of research efforts have been devoted to a better understanding of 血e MANET throughputωpacity und町
various mobility models, or 血etrade-off betw民n 也e throughputωpacity and delay performances thぽ'e. It is notable 
that 血eprevious works mainly focus on deriving 由e ord町 S聞記 results ofMANET 也roughputωpacit弘 whichtel us 
li仕le about the exact achievable per node 也roughput. However, the available exact throughput capacity was explored 
withoutωre削 considerationof the important wireless interference, medium contention and tra伍ccontention issues in 
MANETs. Another limit of these works is 由at the impact of node transmission range on 血e 血roughputωpacityof 
MANETs has been largely neglected. In由is chapter, we study the exact per node throughputωpacity ofa ~仏NET，
where the transmission power (and 血us 回nsmissionrange) of each nodeωn be controlled such 也剖 theimpact of the 
transmission range on pぽ node throughputωpacityωn be explored. 
Based on 由e concept of automatic feedback control and the Markov chain model, we first develop a general 
th∞retical framework to characterize the throughput capacity in a twかhop relay MANET, where the 回nsmission
power of each nodeωn be con住ol1ed to adapt to a specified transmission range and a limited number of redun血nt
copiesωn be dis住ibutedfor each packet. Wi血血ehelp of the framework, we are then able to derive the exact per node 
throughput capacity for a fixed 鑓仕ing ofbo血血e 回nsmissionrange and packet redundancy limit. Based on 血enew
出roughput result, we further explore the optimality prop側ies of the considered MANETs in terms of 血，e per node 
throughputωpacit弘 byconsidering al possible settings of回nsmissionrange and packet redundancy limit. 
第 4章 GeneralizedTwo-Hop Relay for Flexible Delay Control in MANETs 
The available two-hop relay algori血ms adopt eithぽ out-of-order or strictly in-order reception, which are the two 
extremeωses ofr民eptionmode. For the two-hop relay with in-order reception, lot of reception opportuniti邸 maybe
wasted as the destination only accepts packets according to 由e廿 sequen∞ orders，resulting in an incrl白鴎 m 血epacket 
deliveηdelay.百le out-of-ordぽ twかhop rela弘 on 由eo出町 hand， ωn 旬ke 也e ful advantage of each reception 
oppo白血itybut each mobile node thぽ'e should potentially ωrry a very big (if not in血lite) bu島rto accommodate al 
possible arrivals, which is not really practical for the MANETs. Also, the early arrived packets there may need to wait a 
long time for the arrivals of othぽ related packets, which may make the 伺rlyarrived packets become expired and 由us
useless. 
Fur出町more，血epacket delay for twかhoprelay MANETs has been extensively s加diedin the literature, in terms of 
its order sense scaling laws with network size or i臼 closed-formanalytical models. 百lesedelay results indicate 血at 也e
available out-of-ordぽ or s出ctlyin-order two-hop relay protocols, al血oughsimple and 切syto operate, cannot provide 
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a f1exible control for the packet delivery delay.百lelack of a flexible delay control in available twかhoprelay protocols 
may significantly limit 血町 abilityto support various delay sensitive applications in 血e futぽe ?v仏NETs.
To address 也is problem, we extend the conventional tw吋10p relay and propose a genぽal group-based tw吋10p
relay algori由m with packet redundanc弘 which covers the available tw吋lop relay protocols with out-of-order or 
strictly in-ordぽ receptionas special ca田s. A Markov chain based theoretical 企ameworkis furthぽ developedto analyze 
how the m伺n value and variance ofpacket delivery delay vary wi血 theredundancy limit and group size, where the 
important mediwn contention, intertcぽ'ence and 回伍c contention issues are carefully incorporated into the analysis. 
Extensive simulation and theoretical results are provided to ilustrate the perfonnan∞ of the proposed algorithm and 
the corresponding theoretical framework, which indicate 血at the theoretical 企amework is efficient in delay analysis 
and the new algorithm actually enables both the m伺n value and variance of packet delivery delay to be flexibly 
controlled in a large region for the challenging MANET. 
第 5章 Conc1usion
As a flexible and autonomous network architecture, the mobile ad hoc network holds great promise for lots of 
h加re application scenarios due to its distinctive features. However, the lack of a MANET capacity 血eoryhas been 
stunting its appliωtion and commぽcializationin the last decades. In血is 血esis， we have investigated the fundamental 
throughput and delay perfonnan∞s in the popular tw州op relay mobile ad hoc networks. Specifiω11弘也ωifetiωl
frameworks wぽedeveloped to analyze the throughput capacity and packet delivery delay in such networks, based on 
which closed-fonn expressions were 白巾ぽ derived for 血epernode 仕立oughput 伺pacit弘也em伺nvalue and also 出e
varian∞ ofthe packet delivery delay. 
The possible future works are as fo11ows: one of our future research directions is to develop theoretical models for 
o由ぽ more commonly used rv仏C schemes, like the 802.11 DCF. Another fu仙re work is to 白地er explore 由e
perfonnance of 2HR-(f, g) undぽ amぽef1exible scenario, where not only one but many (even a1) one-hop neighbors 
will be considered for the source-tかrelay or relay-tかdestination transmission to take the 白11 advantage of each 
位ansmission opportunity. Since a1 theoretical models in 血is 由esis were developed for throughputωpacity and delay 
analysis in 血etwかhop relay mobile ad h∞ networks， it would be intl町esting to further extend the developed 
theoretical models to analyze 也e 血roughput and delay performances in 血e general k-hop (k 三 2) mobile ad hoc 
networks. 
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論文審査結果の要旨
アドホックネットワークにおける新たな協調リレー通信ネットワークとして、ツーホップリレ
ーモバイルアドホックネットワークが近年注目を集めている口ツーホップリレーモバイルアドホ
ックネットワークは、ネットワークの接続性が部分的・一時的に矢われてしまう環境におけるデ
ータ転送を可能にするが、通信経路が一意に確定しないため、期待される通信性能を定量的に知
ることが困難であり、それを解析可能なモデルの確立が急務となっている。著者は、ツーホップ
リレーモバイルアドホックネットワークを対象として、特に重要とされる通信性能であるスルー
プットと遅延の性能解析が可能なモデ、ルについて研究を行ってきた。本論文はその成果をまとめ
たもので、全編 5 章からなる。
第 1 章は序論である。
第 2 章では、ツーホップリレーモバイルアドホックネットワークの性能解析に一般的に用いら
れるシステムモデルを示し、既存の様々なツーホップリレールーティングプロトコルの違いにつ
いて論じている。
第 3 章では、ツーホップリレーモバイルアドホックネットワークにおけるスループットを与え
るモデ、ルを提示している。関連研究の多くがユーザのモビリティモデルが性能に与える影響を評
価することを目的としているのに対し、提案モデ、ルはユーザが通信可能な距離や転送対象のメッ
セージの複製数がスループットに与える影響を明らかにしたものであり、電波干渉やチャネル衝
突の影響、さらにはメッセージの冗長性を反映したモデ、ルを確立したことは高く評価できる。
第 4 章では、ツーホップリレーモバイルアドホックネットワークにおける遅延について、メッ
セージ到着順に関する制約条件を一般化したモデルを提案し、これによって遅延の柔軟な制御が
可能であることを示している。これまで、遅延を評価するためのモデルとしては、メッセージの
到着)1頃が完全に保証される一方で遅延が非常に大きくなるモデ、ルと、逆に到着)1頃は保証されない
が遅延が小さいモデ、ルとの 2 つしか存在していなかった。これに対し、提案されたモデルで、は、
メッセージグループ。という概念の導入によって両者を共通の一般モデ、ルを用いて説明することに
初めて成功した。この成果は、遅延制御が可能なルーティングプロトコルの実現に大きく貢献す
るものであり、高く評価できる。
第 5 章は結論である。
以上要するに本論文は、ツーホップリレーモバイルアドホックネットワークのスループットと
遅延の性能解析が可能なモデ、ルを与えたものであり、応用情報科学並びに情報通信技術の発展に
寄与するところが少なくない。
よって、本論文は博士(情報科学)の学位論文として合格と認める。
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